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OptimizationAbstract The aim of this research was to optimize the operating parameters in microwave assisted
extraction process (MIE) such as temperature, mass of the sample, extraction time on the betalain
content from dragon fruit peel using response surface methodology (RSM). Three factors three
levels Box-Behnken response surface design (BBD) was used for optimization and mathematical
model development. Signiﬁcant quadratic polynomial model was obtained (R2 = 0.9892 for
betalain content) with high coefﬁcient determination value and numerical optimization was
employed to achieve optimum conditions which was found to be; temperature of 35 C, mass of
the sample of 20 g, and treatment time of 8 min. Under these conditions, 9 mg/L of betalain content
was obtained and it was validated using experimental values.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Colors are important quality indicators that determine the
consumer acceptance of foods. In recent days market for
application of synthetic colorants has decreased due to its toxic
nature (Chandrasekara et al., 2012). Therefore, nowadays
strong consumer demand for more natural product which is
more safety and health beneﬁt because of the public concern
about possible or proven harmful effects of artiﬁcial foodcolorants in food processing industries, thus the trend toward
replacement of synthetic colorant by natural product has been
increasing although it have higher cost. Betalains can be used
as food additives which either avoid the food discoloration or
to enrich food. The use of betalains as food colorant is
approved by European Union and betalains are labeled as
E-162 (Thirugnanasambandham et al., 2014d). Betalains are
particularly suited for use in coloring food products.
Although anthocyanins are the most wide spread and mostly
used natural pigments covering the red purple color range,
betalains are more stable to pH and temperature (Wang,
2000). Betalains exhibit broad pH stability which are suited
for low-acid foods where coloring with anthocyanins usually
not possible. Therefore, there is a critical need to develop a
economical and efﬁcient technique to extract the betalain from
various plant materials to reduce the impact of synthetic
colorants on the human body (Gordon, 1990).ioxidant
Table 1 Ranges of independent variables and their levels.
Level 1 0 1
Temperature (A) 25 40 55
Mass of sample (g) 10 20 30
Extraction time (min) 2 6 10
2 K. Thirugnanasambandham, V. SivakumarFruits and vegetables are good sources of betalain including
dragon fruit. Dragon Fruit (Hylocereus polyzhirus) is also
known as ‘buah naga’ which belongs to the family of
Cactacae and order of Caryophyllales (Yin et al., 2003). It is
becoming popular in India due to its attractive colors, sweet,
juicy pleasant taste and has been considered the most beautiful
in cactus family (Zhai et al., 2009). The cultivation of dragon
fruit was approximately found to be 150 ton per year. So, that
the large quantity of solid waste in the form of peels generated
by dragon fruit processing industries has becomes a signiﬁcant
environmental problem in worldwide due to its products dis-
posal on the road side. Moreover, these peels have the high con-
tent of betalain contents and disposal of dragon fruit peel in
ecosystem causes two disadvantages such as environment degra-
dation and abundant lose of betalain (Prakash Maran et al.,
2014). Hence, the interest of the dragon fruit processing indus-
try in betalains has grown since they were identiﬁed as natural
antioxidants which may have positive health effects in humans.
Several numbers of research reports are available on the
extraction of betalain from various materials such as solvent
extraction, ultrasound assisted extraction and soxhlet. But,
these extraction methods show the low extraction efﬁciency,
complex nature, higher extraction time and large capital
(Moure et al., 2000). Microwave-assisted extraction (MIE) is
a novel and green extraction technique that can offer high
reproducibility in shorter time, simpliﬁed manipulation,
reduced solvent consumption and lower energy input without
decreasing the extraction yield of the target species (Naczk
and Shahidi, 2004). Due to these advantages, microwave-as-
sisted extraction (MIE) is used as an alternative to the release
of bioactive components from waste food resources.
Moreover, the optimization of process variables in MIE pro-
cess such as temperature, mass of the sample and extraction
time may enhance the treatment efﬁciency as well as it also cre-
ates the novel opportunity to know the in depth knowledge of
mechanism behind in MIE technique (Jadhav et al., 1998).
The conventional optimization technique of changing one
variable at a time to study the effects of variables on the
response is time consuming and expensive, particularly for
multivariable systems, and it does not represent the effect of
interactions between different factors. Statistical design of
experiments is a useful technique for obtaining valuable and
statistically signiﬁcant models of a phenomenon by performing
a minimum number of experiments. Response surface metho-
dology (RSM) is one of the statistical tool which mainly used
for the modeling and investigation of multivariable systems in
which a response of interest is inﬂuenced by several variables.
The most common design under RSM is Behnken response
surface design (BBD); it is efﬁcient and ﬂexible, providing suf-
ﬁcient data on the effects of variables and overall experiment
error with a minimum number of experiments (Altan et al.,
2009; Ordonez et al., 2006).
An extensive literature survey shows that, there were no
research reports available on the microwave assisted extraction
(MIE) of betalain from dragon fruit peel using response sur-
face methodology (RSM). Hence the present study has been
made to investigate the individual and interactive effect of
microwave assisted extraction process (MIE) parameters such
as temperature, mass of the sample, extraction time on the
betalain content from dragon fruit peel using RSM coupled
with four factors three levels Box-Behnken response surface
design (BBD). This study may give the crucial solution toPlease cite this article in press as: Thirugnanasambandham, K., Sivakumar, V. Microw
activities. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doienvironmental related problems and extraction of valuable
by-products from fruit wastes.
2. Materials and methods
2.1. Raw materials and chemicals
Freshly harvested dragon fruit was purchased from local fruit
market in Erode, Tamil Nadu and sun dried. Then, the thick
layers were peeled from the fruits manually and the peels were
washed thoroughly in running tap water to remove any
impurities. The washed peels were dried in the hot air oven
at 40 C until it attains the constant weight. Then the dried
samples were pulverized and sifted through a 40-mesh sieve
to obtain the powdered samples. The dried powder was stored
in dark bags and kept in dry environment prior to conduct the
experiments.
2.2. Extraction procedure
For the MIE experiments, desired weight of dried dragon fruit
peel powder was mixed with an appropriate amount of
distilled water in a 500 ml beaker. Experiments were performed
using a microwave oven (VCX 400, Sonics and Materials,
USA W) with microwave power of 100 W according to the
method described elsewhere. During the extraction of betalain,
temperature was controlled at a desired level within ±1 C and
the experiments were carried out according to Table 1. After
the extraction, the homogenate was centrifuged at 6000 rpm
for 10 min. The supernatant was collected as it is after
centrifugation and the same was repeated for 2 more times
to ensure maximum extraction of betalains. The supernatant
was further used for determination of betalains. All the experi-
ments were performed in triplicates and the reported result is
the mean of these triplicate measurements.
2.3. Analytical method
The betalain content was calculated by using the following
equation
BC ¼ AMWDF 1000
e 1 ð1Þ
where A is the absorbance; MW is the molecular weight; DF is
the dilution factor; e is the molar absorptivity and 1 is path
length (Padmashree et al., 2007).
2.4. BBD response surface design
In this present study, Design- Expert 8.0.7.1 (State-Ease Inc.,
Minneapolis, MN, USA) statistical package was employed
for modeling and optimization of microwave extractionave assisted extraction process of betalain from dragon fruit and its antioxidant
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mass of the sample (B) and extraction time (C). Three factors
three level Box-Behnken response surface experimental design
(BBD) was applied to investigate the individual and interactive
effects of process variables on the betalain content (mg/L). For
statistical calculations, the process variables were coded at
three levels (1, 0 and +1) and the coding was done by the
following equation (Prakash et al., 2011)
xi ¼ Xi  XzDXi i ¼ 1; 2; 3 . . . k ð2Þ
where xi, is the dimensionless value of an independent variable;
Xi, the real value of an independent variable; Xz, the real value
of an independent variable at the center point; and DXi, step
change of the real value of the variable i. Seventeen experi-
ments were designed with ﬁve replications by BBD using the
following equation (Table 2), (Raina et al., 2003; Randhir
et al., 2008)
N ¼ 2KðK 1Þ þ C0 ð3Þ
where K is number of factors and C0 is the number of central
point. The correlation between the response and independent
variables was evaluated by developing the second order poly-
nomial mathematical model and the generalized form of equa-
tion is given below (Thirugnanasambandham et al., 2014c)
Y ¼ b0 þ
Xk
j¼1
bjXj þ
Xk
j¼1
bjjX
2
j þ
X
i
Xk
<j¼2
bijXiXj þ ei ð4Þ
Later, developed mathematical models were used to plot
the 3D response surface contour graphes in order to study
the interactive effect of independent variables on the response
and validation of developed models was carried out by plotting
actual versus predicted graph and ANOVA. Finally, numerical
optimization was employed to optimize the process variables
for higher betalain content from dragon fruit peel using MIE.
2.5. Antioxidant activity of betalain extracts
The antioxidant activity of the extracted betalain samples was
determined by DPPH method according to method describedTable 2 BBD and their experimental results.
S. No A B C Betalain content (mg/L)
1 40 20 6 8.96
2 40 20 6 8.96
3 40 20 6 8.96
4 55 20 2 5.28
5 55 10 6 3.62
6 25 20 10 7.54
7 40 30 10 6.84
8 55 20 10 4.58
9 40 10 2 6.54
10 40 20 6 8.96
11 25 20 2 4.58
12 40 20 6 8.96
13 40 10 10 7.54
14 25 10 6 7.52
15 25 30 6 4.28
16 55 30 6 7.54
17 40 30 2 7.22
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(1 · 103 M) was prepared by dissolving 22 mg of DPPH in
50 mL of methanol and stored at 20 C until use in measure-
ment. The working solution (6 · 105 M) was prepared by
mixing 6 mL of stock solution with 100 mL of methanol to
obtain an absorbance value of 0.8 at 515 nm using a
spectrophotometer. Extracts each of 0.1 ml were mixed with
3.9 ml of DPPH solution and left to react for 30 min, after
which the absorbance at 515 nm was recorded. A control with
no added extract was also analyzed. The DPPH solution with
no added extract was analyzed as control. Scavenging activity
was calculated as follows (Rasooli et al., 2008)
Scavenging activity ¼ ðX Z=XÞ  100 ð5Þ
where X is the absorbance of control sample at 515 nm and Z
is the absorbance of betalain sample at 515 nm.
3. Results and discussions
3.1. Predicted model and statistical analysis
The BBD design matrix and the corresponding results of RSM
experiments to determine the individual and interactive effects
of the three independent variables including as temperature
(A), mass of the sample (B) and extraction time (C) are shown
in Table 2. Then, the experimental data were ﬁtted to the vari-
ous models (linear, interactive (2FI), quadratic and cubic) to
obtain regression equation. Two different tests namely the
sequential model sum of squares (Table 3) and model sum-
mary statistics (Table 4) were carried out in this study to decide
about the adequacy of models among various models to repre-
sent the MIE extraction process. From results, Linear and
interactive (2FI) models were exhibited lower R2, adjusted
R2, predicted R2 and also high p-values, when compared with
quadratic model. Cubic model was found to be aliased.
Therefore the quadratic model incorporating linear, interactive
and quadratic terms was chosen to describe the effects of pro-
cess variables on the extraction of betalain from dragon fruit
peel (Sharma and Gujral, 2010). Second-order polynomial
equation that can express the relationship between process
variables and the response in terms of coded factors is given
below
Betalain contentðmg=LÞ ¼ 8:96 0:36Aþ 0:083Bþ 0:36C
þ 1:79AB 0:92AC 0:35BC
 2:38A2  0:84B2  1:09C2 ð6Þ
where A, B and C are temperature, mass of sample and
extraction time respectively.
3.2. Statistical testing
Statistical testing of the developed mathematical model was
performed in the form of analysis of variance (ANOVA).
The ANOVA for the ﬁtted quadratic polynomial model of
MIE process is shown in Table 5. The quadratic regression
model showed the value of the determination coefﬁcient (R2)
was greater than 0.97 for both responses, which implied that
97% of the variations could be explained by the ﬁtted
mathematical models (Viuda-Martos et al., 2010). For a good
statistical model, adj-R2 should be close to R2. As shown inave assisted extraction process of betalain from dragon fruit and its antioxidant
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Table 3 Sequential model sum of squares for response.
Source Sum of squares Df Mean square F value Prob > F Remarks
Betalain content (mg/L)
Mean 817.39 1.00 817.39
Linear 2.14 3.00 0.71 0.18 0.9088
2FI 16.64 3.00 5.55 1.57 0.2568
Quadratic 34.55 3.00 11.52 111.12 <0.0001 Suggested
Cubic 0.73 3.00 0.24 63660000.00 <0.0001 Aliased
Residual 0.00 4.00 0.00
Total 871.45 17.00 51.26
Table 4 Model summary statistics for response.
Model Model summary statistics
Std.Dev. R2 Adjusted R2 Predicted R2 PRESS Remarks
Betalain content (mg/L)
Linear 1.9984 0.0396 0.1820 0.6442 88.9
2FI 1.8782 0.3475 0.0440 0.8308 99.0
Quadratic 0.3219 0.9866 0.9693 0.7853 11.6080 Suggested
Cubic 0.0000 1.0000 1.0000 + Aliased
Table 5 ANOVA table for response.
Source Response
Sum of squares df Mean square F value P value Remarks
Model 53.3335 9 5.92595 57.1766 <0.0001 Signiﬁcant
A 1.05125 1 1.05125 10.143 0.0154
B 0.05445 1 0.05445 0.52536 0.4921
C 1.0368 1 1.0368 10.0036 0.0159
AB 12.8164 1 12.8164 123.659 <0.0001
AC 3.3489 1 3.3489 32.3119 0.0007
BC 0.4761 1 0.4761 4.59366 0.0693
A2 23.8501 1 23.8501 230.118 <0.0001
B2 2.97095 1 2.97095 28.6652 0.0011
C2 4.95674 1 4.95674 47.8252 0.0002
CV% 4.78
AP 32.54
4 K. Thirugnanasambandham, V. SivakumarTable 5, adj-R2 was greater than 0.95, which implied that only
less 5.0% of the total variations, were not explained by the
developed mathematical models. It also indicated a high
degree of correlation between the observed and predicted
values (Wagacha and Muthomi, 2008). A relatively low value
of coefﬁcient of variation indicated a better reliability of the
experiments values. The corresponding variables would be
more signiﬁcant if the F-value becomes greater and the p-value
becomes smaller. From the results, it is found that the
developed model shows high F-value and low p-value and indi-
cates the signiﬁcance of developed mathematical model.
Meanwhile, the adequacy of developed mathematical model
to represent the MIE process was done by constructing
diagnostic plots such as predicted versus actual plot (Fig. 1a)
and Normal% probability graphs (Fig. 1b). The data points
lie very close to the diagonal line and depict a good relation-
ship between experimental and predicted data. From these
results, it is concluded that, the developed mathematical model
has the ability to describe the MIE process very robustly.Please cite this article in press as: Thirugnanasambandham, K., Sivakumar, V. Microw
activities. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi3.3. Effect of process variables on the betalain content
The relationship between independent and dependent variables
was illustrated by the representation of three dimensional
response surface contours plots generated by the developed
mathematical model and is shown in Fig. 2. In this study,
the model has more than two factors. So, the response surface
contour plots are drawn by maintaining one factor at a
constant level (in turn at its central level), whereas the other
two factors were varied in their range
(Thirugnanasambandham et al., 2014b).
3.3.1. Effect of temperature
The temperature is one of the imperative parameter in MIE
process, which inﬂuences the extraction efﬁciency signiﬁcantly
and the formation of the dipole rotation rate is mainly con-
trolled by the temperature during MIE process. To examine
its effect, the experiments were carried out at temperature
(25–55 C) and the results are presented in Fig. 2. From theave assisted extraction process of betalain from dragon fruit and its antioxidant
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Figure 1 Model adequacy plots.
Microwave assisted extraction process of betalain 5Fig. 2a and b, it is found that betalain content is increased with
increasing temperature up to 40 C due to the formation of
large amount of dipole rotation thus betalain content is
increased. Further increase of temperature shows negligible
effect on the extraction of betalain content from dragon fruit
peel using MIE technique (Lee et al., 2007).
3.3.2. Effect of mass of sample
The MIE process is highly affected by mass of sample, because
it plays a key role in extraction of bioactive compounds from
various plant materials. In order to investigate the effect of its
effect, experiments were performed at different mass of sample
(10–30 g) and the observations are shown in Fig. 2. From the
Fig. 2a–c, it is observed that the betalain content is increased
with increasing mass of sample up to 25 g. This can be
explained by the fact that increase in mass of sample increases
the larger surface area to the MIE and increases the extraction
of betalain content from dragon fruit peel. Beyond mass of
sample 25 g, it shows that, there is a drastic decrease in extrac-
tion efﬁciencies due to inefﬁcienct extraction parameters
(Thirugnanasambandham et al., 2014a).Please cite this article in press as: Thirugnanasambandham, K., Sivakumar, V. Microw
activities. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi3.3.3. Effect of extraction time
The extraction time is a key factor to determine the efﬁciency
of MIE process to extract the betalain from dragon fruit peel.
In order to evaluate its effect, experiments were performed at
various extraction time (2–10 min) and the results are depicted
in Fig. 2. From the results (Fig. 2b and c), it is found that the
betalain content is increased with increasing extraction time up
to 8 min. This phenomenon could be explained by fact that, at
initial stages microwave irradiation promoted the thermal
accumulation of the reaction mixture which leads to the effec-
tive dissolution of Betalain. Thereafter, there is a negligible
effect of extraction time on MIE process. Fig. 3 also conﬁrms
the effect of process variables on the MIE process to extract
the betalain.
3.4. Optimization of MIE process parameters and validation of
the model
According to the BBD results, the optimal extraction condi-
tions to obtain maximum betalain content from dragon fruit
peel were determined by Derringer’s desired functionave assisted extraction process of betalain from dragon fruit and its antioxidant
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Figure 2 3D plots for MIE process.
6 K. Thirugnanasambandham, V. Sivakumarmethodology as follows; temperature of 35 C, mass of the
sample of 20 g, and treatment time of 8 min. Under these con-
ditions, 9 mg/L of betalain content was determined with a
desirability value of 0.987. The suitability of the optimized
conditions for predicting the optimum response values was
tested using the selected optimal conditions. AdditionalPlease cite this article in press as: Thirugnanasambandham, K., Sivakumar, V. Microw
activities. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doiexperiments using the predicted optimum conditions for MIE
process were carried out as follows; temperature of 35 C, mass
of the sample of 20 g, and treatment time of 8 min. A mean
value of 9.04 ± 0.53% (N= 3) obtained from the experiment
was in agreement with the predicted values obtained from
Derringer’s desirability function method (Bradshaw et al.,ave assisted extraction process of betalain from dragon fruit and its antioxidant
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Figure 3 Perturbation plot for MIE process.
Figure 4 Antioxidant activity of extract.
Microwave assisted extraction process of betalain 72001). The good correlation between these observed results
and predicted values indicates the reliability of BBD incorpo-
rate desirability function method and it could be effectively
used to optimize the extraction parameters on the betalain
content from dragon fruit peel using MIE technique.
3.5. Antioxidant activity (DPPH assay) of extract
The antioxidant activity of extract at different concentrations
was evaluated applying the DPPH method and shown in
Fig. 4. When considering the antioxidant activity with higher
concentration of extract, there is an increase in antioxidant
activity. Antioxidant activity of betalains is increased with
increases in extract concentrations. Similar kind of results are
reported in the literature for the ultrasound assisted extraction
process (Bors et al., 1984). This clearly suggests the effective
antioxidant activity of extracts at the higher concentrations.
4. Conclusions
Three factors three level Box-Behnken response surface experi-
mental design (BBD) and response surface methodology were
employed in this study to optimize the process variables for
MIE process for extraction of betalain from dragon fruit peel.
Second order polynomial mathematical model was developedPlease cite this article in press as: Thirugnanasambandham, K., Sivakumar, V. Microw
activities. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doiwith good coefﬁcient of determination values (R2 > 0.95)
and analysis of variance showed the signiﬁcant effect of each
process variables on extraction of betalain. Optimum condi-
tions for this MIE process were found to be temperature of
35 C, mass of the sample of 20 g, and treatment time of
8 min. Under these conditions, 9 mg/L of betalain content
was extracted (Willet, 2002). The antioxidant activity of
extract was evaluated by applying the DPPH method. This
result indicates the effectiveness of MIE process as a powerful
extraction technique with shorter extraction time.
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